Anthranilamide (AAM)-masked o-iodoarylboronic acids were prepared from AAM-masked arylboronic acids via Rucatalyzed o-CH silylation, followed by iododesilylation with ICl. The SuzukiMiyaura coupling of AAM-masked o-haloarylboronic acids with arylboronic acids proceeded under ligandfree conditions. Oligo(o-phenylene)s and oligo(naphthalene-2,3-diyl)s were synthesized via iterative SuzukiMiyaura coupling sequences.
Interest in the synthesis and structure of ortho-linked oligoarenes and hetarenes has been increasing.
14 They cannot adopt planar structure, but they form helical structures due to the steric repulsion of the substituents on the aromatic rings. In addition to their static helical structures, the dynamic change in the helical structures has attracted increasing attention from the viewpoint of application to functional materials. 5 For instance, we have recently established solvent-dependent, reversible switch of helical conformation of poly(quinoxaline-2,3-diyl)s with high molecular weight. 6 This system was successfully applied to a new chiral catalyst system in which either enantiomer can be produced with high enantioselectivity from a single chiral catalyst. 7 Although attractive, ortho-linked oligoarenes and hetarenes have not been explored in detail yet, mainly because of paucity of robust synthetic approaches. Therefore, it is highly desirable to establish general, efficient synthetic methods that would also allow the synthesis of functionalized oligoarenes in a sequence-selective manner.
We have been interested in the development of crosscoupling-based organic synthesis, including iterative synthesis of oligoarene derivatives on the basis of boron-masking strategy using 1,8-diaminonaphthalene (DAN) as a highly effective masking group. 8 We subsequently established a removable ortho-directing group (o-DG), which is attached to the boron atom of the boronyl group and allows Ru-catalyzed o-silylation.
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Although pyrazolylaniline (PZA) was reported also as the firstgeneration o-DG, we subsequently showed that anthranilamide (AAM) exhibited higher ability of o-direction as well as higher stability, which allowed us to utilize AAM as a protective group in the SuzukiMiyaura coupling. 10 We envisioned that AAMprotected o-haloarylboronic acids 3 may serve as highly convenient building modules in the synthesis of helical oligo(o-arene)s via iterative SuzukiMiyaura cross-coupling ( Figure 1 ). The modules 3 may be obtained directly by halodesilylation of AAM-protected o-silylarylboronic acids 2, which in turn are conveniently prepared by o-silylation of AAMprotected arylboronic acids 1. It should be noted that a report on direct ortho-iodination of unprotected arylboronic acids has appeared recently. 11, 12 The direct iodination, however, still requires the use of silver salt to promote the reaction and encounters difficulty in iodination of electron-poor and electronneutral arenes. In this paper, we demonstrate the convenient synthesis of AAM-protected o-iodoarylboronic acids and their use in the iterative SuzukiMiyaura coupling for the synthesis of oligo(o-phenylene)s and oligo(naphthalene-2,3-diyl)s.
AAM-protected o-silylarylboronic acids 2 were prepared according to the reported procedure for Ru-catalyzed o-silylation of arylboronic acids. 10 In addition to the o-silylboronic acids 2a, 2b, 2d, 2g, and 2k reported in the previous paper, we also synthesized new derivatives in good yields from the corresponding AAM-protected arylboronic acids (Table 1) . Iododesilylation was accomplished efficiently by use of ICl at a low temperature.
12 Attempted use of I 2 or Br 2 failed to give the corresponding o-halogenated products in reasonable yields. In the iododesilylation, the use of the electron-deficient AAM group, rather than the electron-rich PZA group, was essential to avoid undesirable iodination on the masking group. The present synthesis of o-iodoarylboronic acids through iododesilylation was found to be complementary to Hall's silver-mediated direct iodination, which requires electron-donating substituents such as alkoxy and amino groups on the aromatic rings. Our method could successfully be applied to alkyl-(Entries 2 and 8), aryl-(Entry 10), chloro-(Entries 5 and 11), and even fluorosubstituted arylboronic acids (Entry 6), in addition to alkoxysubstituted arylboronic acids (Entries 3 and 9). 13 Note that attempted iododesilylation of the phenyldimethylsilyl group on the electron-deficient aromatic ring failed (Entry 4), leading to iodination at the phenyl group of the PhMe 2 Si group. This problem was overcome by use of Et 3 Si derivative (Entries 5, 6, 7, and 11) . It should also be noted that AAM-masked 5,8-dimethyl-2-naphthylboronic acid, which was used for the synthesis of 2l (Entry 13) was conveniently prepared from 1,4-dimethylnaphthalene via Ir-catalyzed aromatic CH borylation. This example demonstrates that the synthetic utility of the ortho-CH silylation is significantly enhanced by combining it with the CH borylation chemistry. We then examined cross-coupling of AAM-protected ohalophenylboronic acids with arylboronic acids. An initial trial under the reaction conditions utilized for the coupling of AAMprotected p-and m-bromophenylboronic acids completely failed, giving no desired coupling products. In fact, the attempted coupling of AAM-protected o-bromophenylboronic acid 3a¤ in the presence of SPhos 14 (P/Pd = 2) as a ligand at room temperature resulted in transfer of the AAM group from 3a¤ to ptolylboronic acid, giving AAM-protected p-tolylboronic acid 1b with no formation of the coupling product (Entry 1, Table 2 ). Applying a higher reaction temperature did not improve the reaction outcome at all (Entry 2). Use of the t-Bu 3 P/CsF system 15 gave no desirable product, although no AAM-transfer product was formed either (Entry 3). We finally found that a ligand-free palladium catalyst worked efficiently in the crosscoupling of 3a¤, giving the AAM-protected biarylboronic acid 4 in high isolated yield (Entry 4). The reaction conditions were successfully applied to the cross-coupling of o-iodo derivative 3a, giving the corresponding biaryl product 5 in high yield (Scheme 1). 16 The thus-obtained AAM-protected biarylboronic acid 5 was cross-coupled with various aryl bromides after deprotection of the AAM group by acidic hydrolysis, giving teraryls 6a6c in high yields.
Having established the basis for the preparation and reactivities of AAM-masked o-iodoarylboronic acids, we pursued the iterative synthesis of oligo(naphthalene-2,3-diyl)s using our AAM system. Cross-coupling conditions for the synthesis of oligonaphthalene were further optimized on the basis of the optimization of the biaryl synthesis shown in Table 2 . We again observed better outcome with the ligand-free palladium catalyst in the coupling of AAM-masked 3-iodo-2-naphthylboronic acid 3k with 6-ethoxy-2-naphthylboronic acid (7) (Scheme 2). After the coupling, the AAM group remaining untouched was removed by acidic treatment. However, use of the unmasked binaphthylboronic acid in cross-coupling with 3k resulted in illreproducible results. It turned out that the presence of even a small amount of water led to AAM transfer from 3k to the binaphthylboronic acid, whereas complete dehydration then led to the formation of boroxine 9, which was totally unreactive toward cross-coupling. Indeed, the degree of dehydration after the unmasking step significantly affected the result of the subsequent cross-coupling step. We could finally adapt the procedure in which boroxine 9, obtained by complete dehydration, was hydrolyzed to binaphthylboronic acid by adding a stoichiometric amount of water prior to the coupling step. According to this procedure, AAM-masked ternaphthylboronic acid 10 was isolated in high yield. The iterative coupling sequence was terminated by coupling with 2-naphthyl bromide, giving quaternaphthalene 11 bearing a terminal ethoxy group. In summary, we have established a new synthetic route to o-iodoarylboronic acid derivatives via Ru-catalyzed o-directed silylation of AAM-masked arylboronic acids followed by iododesilylation with ICl. The present synthesis of o-iodoarylboronic acids is complementary to the ortho-directed, Agmediated iodination of arylboronic acids, 11 and it shows wider applicability to electronically unactivated arylboronic acids. Application to iterative synthesis of oligo(o-phenylene)s and oligo(naphthalene-2,3-diyl)s has also been demonstrated. Synthesis of more densely functionalized oligo(o-phenylene)s and oligo(naphthalene-2,3-diyl)s, including those adapting nonracemic helical structures, are now being undertaken in this laboratory.
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